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SUMMARY
Testsweremadeofa modifiedNACA651+”uairfoil’havinga
30-percentairfoil-chordflapwithcontoursimulatingvarious
distortedsurface-coveringshqes forthepurpose“o:finvesti&ating
thepracticabilitycfreducingdistortioneffectstoa negligible”,,
amountbymaintainingtheundistortedcm.tourovera &mall“partof
theflapchordnearthetrailingedge..The,&ffectso.f~’vari~tione
inMachnumberfrom0.20to0,40,of transitionlocation,eni.of “’,”.
flapgapalsowereinvestigated. ..
,. ,.
The”resultsoftheiri~estiga$ionndi,catpd.that“theffects
ofdistortionon liftcharacteris,t~caaremall co@ar@ withthe
effects,ofdistortionon@$nge:mon@nt.cha.racteristi.csandthat
approximately75percent.o”fthee“?fectmjof.@istc&tion“onstick
forcescanbe eliminatedifdlstor$ion”of””therear20 percent’of. ““
theflapchordispre-{entedby stiffe~n~thatpartof theflap.’”
~en.theflap.hadbeentihickened,bydistortion,.oyenima &ap,at~ ‘-””
theflapnoseorplacingtransitionsti”ipsneartheairfoil16ading
edgegenerallycausedthevariationsofhinge-momentcoefficient
with,angleofattackandwithflapdeflectionto becomeLess r@a-
tive,VariationsinMash’&.unberfrom0.20to0.40hadoplystill
effects,on.thehinge-momentcharacteristicsoftheundistortedflap
or oftheaistortedflapshavingtheundistortedc“ontourfiinti”ined.~
overthe’,.iear,20 percentoftheflapchord.”
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INIROEWXION”’
.’
Flightresultspubilshedina Britishpaperoflimitedistri-
butionandsomewind-tunneltestsmadeintheLangleystability
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tunnelhaveIndicatedthatlargechangesincontrol-surfacechar-
acteristics(particularlythehingemoments)ma~resultfromdis-
tortionofthecontrol-surfacecontourwhileunderaerodynamiclead.
*
Theanalysispresentedinreference1 showsthat,ingeneral,dis-
tortionamountseithertoa changeIncamberofthecontrolsurface
(camberdistortion)ortoa changeinthethicknessof thecontrol
surface(symmetricaldistortion).Camberdistortionaffectsthe
control-surfacecharacteristicsna mannerthatissfmil.arto the
effectofdeflectinga tab;whereasymmetricaldistortionamounts
essentiallytoa changeintrailing-edgeangle,Distortionoftha
cambertypewasshowninreference1 tohavemuchlargereffects
thandistortionof thesymumtrlcaltype.
Thetyyeofdistortionbtained-ona specificontrolsurface
dependsprimarilyonthelocationofventsorleakag6holes.Camber
distortionismostlikelyto occurwhentheinternalpressureis
approximatelyequalto thestaticprussureofthofreeairstream,
andsynunetricaldistortionismostlikelyto occurwhentheinternal
pressureishighlypositiveorhighlynegativerelativeto the”
staticpressureof thefreeairstream.
fromaerodynamicconsider~tions,themostsatisfactorynothod”
of el~natingdistortioneffectsistoprovidetheentirecontrol
surfacewitha rigidcoveringmaterial,Sucha controlsurfaceis
likelytobe quiteheavy,however.Thefaotthatcontrol-surf%ce
hinge-mcxuentcharacteristicsaroknowntodependlargelyonthe
contournearthetrailingedgehasledtothesuggestionmadein
a Britishpaperoflimitedlstributi.onthat-thegreaterpartof
theeffectsofdistortionmightbe.elitii~ted,witha moderate
increaseinweight,by providinga r$gjdcoverfigmaterialover
onlya smallchordwisepartofthecontrolsurfacejustforwardof
thetrailingedge,Testsmade”byA;S, HallidayofGreatBritain
indicatedthatwhendistortionof’the.rear25percentof thecontrol-
surfacechordispreventmd,thevariationofhinge-momentcoeffl-
clentwithangleofattackandwithflapdeflectionIs essentially
Independentofdistortionfanyotherpartsof-th~controlmrfacei
Thepresentests,madeintm-dimensioulflow,werecon-
ductedforthepurposeofinvestigatingmorethoroughlythepracti-
cabilityofreducingdistortioneffectstga negligibleamountby
maintainingtheundistortedcontourovera smallpartofthoflap
chordnearthetrailing~dge.Tes%eweremadeof&everaltype6of
distortioninadditiontothosemadebyHallidayandforeachtype
characteristicsweredeterminedwith10percent,20percent,and
30percerltoftheflapchord.heldto the~distortedcontour,The
effectsofvariationsInMachnumberfrom0.20toO.~, of transi-
tionlocation,andoff’lapgapalsowereinvestigated. a
—
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SYMBOLS
c
‘$
Cf
Cbp
Cb
c’
; e
be
airfoilsectionliftcoefficient-
,“
flapsectionMnge-mornentcoefficient
resultantbalanca-~ressureco fficient(plower- ‘upper )
pressurecoefficient~bcve”orbelowfMp seal
finite-spanMft coefficient
finite-spanhfnge-momentcoefficient
—
seal-rnowntratiofor internallytalancedflap(ratiof
balancingmomentofflexiblesealtobalancingmoment
ofthin-plateoverhang)
boundary-layerdisplacementthiclmess,feet
dynamicpressuzzeoffreestream,povmdspersquarefoot ~
dynamicyressureat tailofairplane,poundspersquare
foot
airfoilsectionchordjfeet
fixedtrailing-edgechord(chordwisedistancefromtrailing
edgeoverwhichundistortedcontourismaintained),feet
flapsectionchord,feet
balance-plates ctionchord(dtstancefromflaphinge
lineto leadingedgeof thebalanceplate),feet
balancesectionchord(distancefromflaphingelineto
pointmidwaybetweenpointsofattachmentof
flexiblesealofsealedinternalbalance),,feet
meanaerodynamicchordof.wing,feet
root-mean-squareel vatorchord,feet
elevatorspan,feet
.—
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airfoilsectionthicknessat flalhingeU.ne,feet
taillen&h (distancefromoenterof g.ravltofairplene
7toaerodynamiccenterofhorizontaltail, feet
wfngarea,squarefeet
horizontal-tailrea,squarefeet
wingaspectratio
horizontal-tailspectratio
chordwisedistancefromairfoilea~n~edgetoanyyoint
OGairfoilsurface,feet
chordwisedistancefrcmcenterofgravityofairplaneto
neutralpoint,feet
weightofairplane,po~mds
airfoilsectionangleofattack,degrees
angleofattackoffinite-spansurface!degrees
flapdeflection,degcees
elevatordeflection,degrees
stabilizerangle,degrees
downwashangleinvicinityofhorizontaltail,degrees
Reynoldsnumber
Machnumber
ratioof controlforceinpoundstoelevatorhingemoment
Infootpounds
incrementalstickforceresultingfromelevatordistor-
tion,pounds
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,fv-Chch5 = —ai5f
a.
,’.()apRPRa= —aao” ..”--’ ,:,.
5f
()ap~PR6= —a5f
ao
()iw~cLa= —aa.Be
5
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()achCha= ~ e
a
Thesubscriptoutsidethe”parenthesisoftheforegoingpartial
derivativesindicatefactorsheld
thederivatives.
ACZa~ACZ,. . . incremental
fromany
example,
constantduringmeasurementof
valuesofparametersresulting
givenamountofdistortionfor
ACla=
Cz%istorted
- Cz
‘undistorted
Acla’, AC1’, . . . incrementaldistortionparameters(theincre-
mentsofslopesorof coefficientsresulting
froma distortionofonepercentofthe
flapchord);forexample,
cZadistorted
- cl
undistortedAc2a’=
distortioninpercentflapchord
wheredistortioni-definedasthemaximum
deviationofa surfac-eofa flapfromthe
undistortedcontour
.
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AP2ARATWSANIOTESTS
Thetestsofthepresentinvestigationwereconductedinthe
2~-footby 6-foot%estsectionoftheLangleystabilitytunnel,
Theraodelhada chordof2 feetandspannedthethroatofthetug.nel.
Thepartofthemodelforwardofthe70-percent-chordstationwas
constructedof laminatedmahoganyandhadtheordinatesofthe
NACA651-OMairfoilsection.Theairfoilwasequippedwitha
30-percent-chordplainflapwitha cylindricalsteelnoseanda l
steelcentralweb. Flapcontmrs,simulatingvariousdistorted
surface-coveringshapes,wereobtainedbyattachingwoodblocksto t
l NACATNNo.1296
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theuyperandlowersurfacesof
assumedundistortedcontourhad
trailingedgetothecontourof
+ 7
thesteelweb. (Seefig.1.) The
flatsidesefikfidingfromthe
theNACA651-cwairfoilatthe
70-perc~nt-~hordstation.Thetrailing-edg=anglewas14°. The
ordhatesofthemodifiedairfoilaregivenintableI.
Forconvenienceinpresentingtheresultsofthisinvesti!’ga-
tion,letterdesignationshavebeenassignedtothevariousbasic
typesof contourdistortion.In thedesignations,F standefor
flat, C forconcave,and B forbulge.Eachflap-contourdesig-
nationconsistsoftwoletters;thefirstletterefersto the
uppersurfaceoftheflapandthesecondletterefersto.the
lowersurfaceoftheflap.Thevariousdesignationsandthecorre-
spondingdescriptionsoftheflapcontourstestedarepresentedin
thefollowingtable:
rDesignationFFccBBBCBFFc DescriptionfflapcontoursBothsurfacesflat(nodistortion)BothupperandlowersurfacesconcaveBothupperandlowersurfacesbulgedU-ppersurfacebulgedandlowersurfaceconcaveUppersurfacebulgedandlowersurfaceflatUppersurfaceflatandlow~rsurfaceconcave
ForeachofthebasicflapcontoursgivenintheforegoingWble,
theundistortedflapcontourwasmaintainedoverpartsof theflap
chordextending10percent,20 percent,and30percentoftheflap
chordfromthetrailingedge.Thevarioukcontoursinvestigated
areillustratedinfigure1.
—
Boththeconcaveandthebulgedcontourswereconstructedas- ‘“
showninfigure2. In everycase,theamountofdistortion- that
is, themaximumdeviationofthedistortedcontourfromtheundis-
tortedcontour- was2.33percentof theflapchord.Thedistorted
partsof theflapsurfacesconsistedofa straightsection(parallel
to theundistortedsurface)joinedtotheundistortedsurfaceby
circulararce.As theundistortedtrailing-edgeyartwasincreased.
in length,thestraightsectionof thedistorted,partwasdecreased
in length;thusthemaximumdeviationof thedistor”tadcontourfrom
theundistortedcontourwasmaintainedconstant.
Thepartofthemodelforwardoftheflaphingelinewas
attachedrigidlyto enddisksthatweremountedflushwiththe
tunnelwalls.Clearancegapsofapproximately1/16inchwereleft
—
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betweentheendsoftheflapanclthedisks.Thetestsincluded
deteninationsofairfoilsectionliftcoefficients,flapsection
hing~-mcmentcoefficient~,,andresultantbalance-pressuxeco ffi-
cients,Theliftofthemodelwasmeasuredwithan integrating
mnometer,hingemomentsweremeasuredwitha.calibratedspring
balance,andthepressuredifference(resultantbalancepressure)
acrosstheflexiblenose.seal.wasmeasuredwithasingleU-shaped
manometertube. .—
Mqsto,fthetestswe,remadewith~ransitionstripsattached
to themodel.Thestrip8werepre’paredby cementingCarborundum
grains(No.60)to thebackof ‘~cotch”cellulosotapeina strip
.
~-inchtide.The”tapewasattachedto”theupperandlowersurfaces
. .
of themodelsothattheleadingedgesofthecarbormdumstrips
were.at’2.0percentofthechord. ,
Thegreaterpartofw-etestsweremqdeata Machnumber
of0,34,althougha fewtestsweremadeatMachnumbersof0.20
an~0.40,ThedynamicpressuresandthetestReynoldsnumbers
corresp~ndingto theseMachnumbersaregivenin.thofollowing
table:
Machnumber,I Dynamicpraesure,q I Reynoldsnumber,M (lbs/sqft) R
0.20 59.4 - 2,845,000
l 34 155.5 4,yxl,000
.40. 211.5 . 5,380,000.
—
.
Ii
In orderto,specifytheconditionsof thepresentestssome-
whatmoreompletelythancanbe doneefmplyby givingvaluesof
theMachnumber,thedynamicTressure,andtheReynoldsnumber,a
fewmeasummmtsoftheboundarylayerontheuppersurfaceofthe
modelwith’the.undistortedflapcontourweremsib; Figure3 shows
thevariatioqwithan@.eofattacka. ofthebo~dary-lay~rtli.s-
,.
placementhicknessat 65percentof thechord,
ofthechord 5*/c withandwithoutransition
transition,lecationasa fractionof‘tie-chord
tionstrips.
.,
.,”
givenas a fraction
“strips,and’,ofthe
x~c withoutransi-
—
*
K
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CORRECTIONS
Correctionsaypliedtothetestdatefortheeffectsof the
bm.uxiariesarebasedon equationspresentedinreference2.
methodsofreference2 wereextendedInorderthatcorrections
totheflaphinge-momentcoefficientand
pressurecoefficientmi~t be obtained.
correctingthetestda~ are
c1=
a. =
Ch =
f
PR =
asfollows:
Xlcz
u
totheresultantbalance-
Theequationsusedin
. .
a.u + WZ5F00
Chf + k3cZ
u.
PRU+ k4cz
—
wherethesubscriptu refersto theuncorrectedvalueof the .
coefficientor angle,andtheconstantsklj ka)
‘3‘ and k4
dependonthetestMachnumberandhavethefollowi@”valuesfor
theconditionsofthepresentests:
M ‘1 % ‘3 kk
0.20 0.966 0.221 0.00% -0.0400 (
*34 .963 .231 .0094 -.0445
“.40. ..961 .238 .Oogg -.Oha
.-
Thbcorrectionsappliedonot accountfortheeffectsof‘tie
boundarylayersalongthet~el wallsw fortheeffectsofthe
s~ll gapsbetweentheendsof theflapandtheenddisks.‘The
correctiontothoangleof”attackdoesnotaccountfortheeffect
of theliftresultin~fromfla~deflection.An estimateof the
effectofthelift
had>h~eliftbeen
wouldbe about1.5
thatareindicated
and PR5 wouldbe
r~sultingf~omflapdeflectionindtcatedthat,
accountkd.for,thevaluesof thepar.mnctqrc15
percentsmallerthanthevaluesoftlli~pkzmneter
by thedata.presented$aidthattheparameterscha
changsda negligibleamount.
Completesetsof
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PresentationfD~ta
data,includingflapsectionhinge-moment
coefficients,resultantbalance-press”urecoefficients,andairfoil
sectionliftcoefficients,wereobtainedforeachoftheflap
contourshowninfigure1 fora Machnumberof-O.34,withtransi-
tionstripsat0.02candtheflapnosegapsealed,Thesedataare
presentedinfigures4 to9 asplotsagainstflapdeflectionfor
variousfixedanglesofattack.Comparisonsoftheeffectsof
fixedtrailing-edgechordonvariousc~efficientsplottedagainstbf
with a. = 0° andplottedagaineta. with ~f= 0° aregiven
infigures10to19. Someadditionaltestsweremadeto determine
theeffectsonhinfle-momentcharacteristicsofMachnumber(figs.20
and21),oftransitionstrips(figs.22and23),andofg~p(figs.24
and‘25).
Themeasuredparametervaluesat U.= 0° and bf. 0°,
includingslo~esofthecm~vesan&incrementalvaluesofthecoef-
ficients resultingfromsurface-coveringdistortion,aregivenin
tableII. Theda% presentedforresultantbalance-pressureco f-
ficientswhenusedincon~onctionwiththehinge-momentdataof
plainflapsareusefulinestimatingthecharacteristicsof sealed .
internally-balancedflaps.
An equationforcalculatingthehinge-momentcoefficientsof
l
an internally-lalancedflapisasfollow(see
Chbalanced=Ch 10.+$R 2?22(l+plain Cf \flap flap
reference3):
l
- t/22
) ( )].
‘s — (1)Cf
s istheseal-momcmtratio.Chartsgivingvaluesof mswherem
forvariousbalance-sealconfigurationsaregiven in reference3.
2
()
CbpFormanyconfigurationstheterm —
2
()
‘b Cfby—. Equation(1)then.reducesto
C-
(1+‘J mayberephced
theform
l
Ii
\ L//
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ch~lanca”= chpl~in‘-
flap flap
$+(;’-(;)] @-
If it isasaumadthattheaerodynamiceffectsofdistortion
varylinearlywiththeamountof distortion,at leastforamounts
ofdistortionas largeas thattested(0.0233cf),theres,ultsof
thisinvestigationcanbemadereadilyapplicableto anyamountof
distortionupto0.0233cf.On thebasisofthisassumption,values
of incrementaldistortionparameters,definedas theIncremental
parametervaluesresultingf@m a maximmIsurface-coyeringdistor-
tion,pq+alto onepercentoftheflapchord,werecalculatedfram
thetestdata.Becausethe-testsincludedonlyfixedtrailing-
edgechordsof O.lcfcmmore,estimatesweremde of,thevaluesof
Incrementaldistortionparametersforflapswiththedistortion.
extendingto theflaptrailingedge.Thesevalueswereestimated
fromunpublishedcorrelationsofdataontheaerodyzpniccheracter-
isuicsof controlsurfaceshavingvarioustrailing-edgeangles.
Values”ofincrementaldistortionparametersobtainedfr~the.=
r&!iltsof“thepre~entestsandby estimation-arepresentedIn
table.lll..‘2hesevaluesarestrictlyapplicableonlyto theairfoil
.
testedandcannotb,Gassumedtoapplye-~ctly
‘:foilsection.
.,..
* :
EffectsofFixedTrailing-Edge
to any-arbitraryair-
.-
Chord
Hinge-momentcharecteristics.-!l?heinge-momentcurvesprti-
sentedinfigures10and.11 indicatethattheprhry effectof
syl?mletri.caldistortion(contoursCC andBB)istorotatethehinge-
momantcurves,andtherebychangetheslope.Fordistortionthat
ocmsistsprincipallyofa changeincamberofthermeanliqe
(contoursBF andBC)theprimaryeffectonthehinge-momentcurves
isa displacementofthecurvesalongthehinge-momant-coefficient
axiswithonlysmallchangesintheslopes.
Theeffectsoffixedtrailing-od.gechordonthehinge-moment
abpeS Ch
5 and c% areshowninfigwreX2. Forsymmetrical--
distortion,with thecontrolsurfacesccn~qve,thehinge-mogent
parametersbecomelessnegativeas thefixedtrailing-edgechordis
increased;andwiththecontrolsurfacesbulged,thehfnge-mcment
parametersbecomemorenegativeas thefixedtrailing-edgechord
W increasad.Eventhoughtileundistortedcontourismaintained
22 NAM m?NO*X36
.
l
overa partoftherearoftheflap,theeffectof symmetrical
distortionissimilarto theeffectofvariationsintrailing-edge
angle.
Forallcontourstested,theeffectsofdistortimon the
slopesc~ and Chb decreaserapidlyas thefixedtrailing-edge
chordisincreased.Theeffectsarealmostentirelyeliminatedif
thefixedtrailing-edgechordis30percentof theflapchord.
Theeffectsofsurface-coveringdistortionon controlforces
dependonthedisplacementof~hehinge-mcmentcurves(camber
effect)aswellas ontheslopesofthehinge-momentcurves.The
effectoffixedtrailing-edgechordonthedisplacementof the
hinge-momentcurves(measuredat m. s 0° ~d ~f= 0°) iSshown
infigure13. ThedisplacementAh isreducedquiterapidlyas
thefixedtrailing-edgechordis increased,butitdoesnotbeccme
negligibleeven witha fixedtrailing-edgechordof30percentof
theflapchord.Thedisplacementofthehinge-momentcurvesis
sWilartothatcausedby a deflectedtabonanundistortedflap
andthereforewillaffect hecontrol-surfacecharacteristics
accordingly.
Theoreticalcheckson thehinge-momentcoefficient&h
at a. = 0° and ~f= 0° forcontoursBF andBC wereobtainedby
.
assumingthatthedistortedcontours couldbere@acedbymtitiply
hingedflapsandby calculatingthehingemcmentsaccording to the
theoryof reference4. Thecomparisongiveninfigure13indicates
that,ingeneral,thetheoryoverestimatestheeffectsofdistortion
.
by approximately20percent.
Resultantbalance-pressurecharacteristics.-Thecurvesof
resultantbalance-pressureco fficientplottedinfigures14and15
Indicatethatsymmetricaldistortions(contoursBB andCC)haveno
appreciableeffectontheresultantbalancepressure.Camberdis-
tortion(contourBC)causesa displacementofthebalance-pressure-
coefficientcurves,
Theslopes+a and ~b arenotgreatlyaffectedby varia-
tionsof-theflapcontour.(Seefig.16.) Figure16alsoshows
thatthedisplacementA% ofthebalance-pressureco fficient
at a. = 0° and 5f= 0° isapproximatelyconstantregardlessof
thefixedtratling-edgechord.Thisconstancyseemstoindtcate l
thatthevalueof APR dependsyrimarilyontheflapcontournear
theflaphingeandisnotaffectedtoaqygreatextentby theflap b
8
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contournearthetrailingedge.FortheflapstestedInthis
investigation,thedistortionbsganat a distance0~067cfto tie
rearoftheflaphingeline.Hadthedistortionbegunat orvery
neartheflaphingeline,theeffectofdistortionon &R probably
wouldhavebeenconsiderablygreaterthanthatobtained.
In o~derto illustrateheeffectof camberdistortiononthe
hingemomentsof sealedinterna13y-balancedflaps,equation(2)
mayberewrittenintermsof incremental,ratherthanabsolute,
valuesofhinge-nmnentandresultantbalance-pressureco fficients,
whichgives
“hba~ncea = “h
f,., “%R[(?7+$I
plain
flap
Si.lcecamberdistortionresultsin IncrementsAch and &’R that
are of thesamesign(seefigs.13and16),theincrement&h of
a balancedflapislargerthantheincrementA% ofa plainor
unbalancedflap.Theeffectof camberdistortiono flaphinge-
momentcharacteristics,therefore,wouldbe expectedto increase
scmewhatas thebalancechord cb isincreased.
Liftcharacteristics.-Curfesof liftcoefficientplottedin
figures17and18Indicatethatneithercambernorsymmetricaldis-
tortionhasanyappreciableeffectonliftcharacteristics.Figure19
showsthatthe,slopesCz and c~~ arealmostunalteredby the
fixedtrailing-edgechord~andthattheincrqmentof lift Ac2
causedby camberdistortionis smallanddecreaseswithincrease
infixed-trailing-edgechord.
Valuasof AC2 calculatedby thetheory
flaps(reference4) ar~ includedinfigure19
theexperimentalvaluesof Acl.
EffectofMachNumber
ofmultiplyhinged
forcgmprisonwith
Theresultsofthepresentestsindicatedthatif thefixed
trailing-edgechordwere20 percentof theflapchcrdmostorthe .- --
parametersoftheairfoilandflapwouldbenearlyindependentof
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control-surfacedistortion-Tests,therefore,weremadetodeter-
minewhetherthehinge-momentcharacteristicsofthedistorted
flapshavingvaluesof Y = 0.20 wouldbe affectedbyMachnumberCf
moreadverselythanthehinge-momentcharacteristicsoftheundis-
tortedflap.
As showninfigures20 and.21,Machnumbervariationswithin
thespeedrange testedhaveverysmalleffe.ctmeitheronthechar-
acteristicsofthedistortedflapswith ~. O.20 oronthe char-Cf
acteriaticsoftheundistortedflap.
EffectsofTransitionStrips
Theeffectsoftransitionstripsonflapsectionhinge-moment
coefficientplottedagainstflapdeflection(fig.22)andagainst
a~qleofat~ck (fig.23)werede~~ined fm theundistortedflap
contc?urandforvariousdistortedflapcontourshavingvalues
C$of — = 0.20.Figures22 and23 showthatremovingthetransition
‘f
stripsmakestheslope ch~ morenegative.overa af rangeof
approximatelyi6°andmakestheslope Cha moreR8~tiVeover
an a. rangeofapproximatelyil”. At theltiitsoftheseranges
thehinge-m~ntcurvesofthemodelwithoutransitionstripsshow
an abruptchangeinsloperesulti~froma shiftintransitionpoint
froma rearwardtoa forwarrlposftiontSimilaresultshavebeen
observedin other tunnelshavinga lowtvrbukncelevel(of’the
OrdGrofthatofthetuel usedforthepresent tests). The
effectsof ‘thestripsontheslopesofthehinge-momentcurvesare
largestforcontourBB andsmallestforcontourCC. Severalinvesti-
gatiormofbeveledfleps&adoinboththoUnitedStatesandGreat
Britainhavoindicatedthattheincrementalchangusinhingemaments
resultlngfromtheadditionofstripsareroughlyroportlonalto
thetrailing-edgeangl~.Althoughthetrailing-edgeanglewas
maintainedconstantovera chordlengthc@= 0.20cffcmtheflaps
ofthisinvestigation,thecharacteristicsobtainedwjthcontourBB
aresimilarto thecharacteristicsthatwouldbe expectedwitha
lar~etraL!.ing-c@eangleand the characteristicsGbtaine&with
contourCC are similar to the characteristicsthatwouldbe expected.
with a smalltrailing-edgaangle,In general,iftheflapcontour
.
.
—-
--
.
—
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tendstobulge,boundary-layereffectsmaybe large(asi~icated
by theeffectsofstrips)eventhougha relativelysmalltraiM.ng-
edgeangleismaintainedoverat least20percentoftheflapchord.
..-—
EffectsofGap
Comparisonsoftheeffectsof gapare~tvenfortheund~stqr$ed
flapcontourandforthe&lstortedflapcontourshavingY . ~.a~Cf .:-
infigures24and25. Whenthedistortionconsistsofan increase_.
inthethicknessofthecontrolsurface(aneffectiveincreasein
trailing-ed~eangle),openingthe-gapca~sesc% and c% ‘0
becomelessnegative;andwhenthedistortionconsistsofa decrease
inthicbessofthecontrolmrface(aneffectivedecreasein
trailing-edgeangle),openingthegapusuallycaueesc% and cha
tobecomemorene,gative.These”resmltsagreequali.tatlvelywith
resultsgiveninreference5,whichsh~wsimilarvariationsinthe
effectofgapwithvariationsintheactualtrailing-edgeangle.
ApplicationfDatato anAssumedAirplane
-.
In orderto Illustratethepossiblebenefitsofnaintain+mg
theundistortedcontourovera partof thechordofa control
surface,theexperimentalresultsobtainedinthiei.nvestisation
haveb6enappliedtoenassumedfighter-typeairplanehavingthe
followingcharacteristics:
Ratioofstickforceto elevatormc.ment,K . . . . . . . . . . O.@
Wingloading,W Sw,poundspersquarefoot. . . . . . . . . .40.0/
~micpressure ratio,qt~q. . . . . . . . . . . . . . . . . 1.0
wing~ift-curveslope,CL . . . . . . . . . . . . . . ...072
()
‘W
Horizontal-tailincidence,it,degrees. . . . . . . . . . ~ . . ()
Ratioof
Ratioof-
Elevator
Elevator
Airplane
horizontal-tailreatowingarea,St/SW . . . . . . .20
taillengthtowingmeanaerodynamic~ord, 2/c’ . . !+.0
llft-curveslope,%8 . . . . . . . . . . , . . . . . .033
sizefactor,beZe2,cubicfeet . . . , . . . . , . .20.o
stabilityfactor,x’/c’. . . . . . . . . . . . . . . -.o5
wingaspectratio~~.1 .’.., . . . . ..O..* .m.,6t0
Horizontal-tailspectratio,+ . . . . . . . . . . . . . . . 3.0
Downwashanglefactor,l -~ . . . . . . . . . . . . . .,
h
.0.40
~6
Calcuhtionshavebeenmadeofthestick-force
fromelevatorsurface-covsrln~distortionthat
theairplaneinlevelflightata givenspeed.
incrementsresulting
arerequired tohold
Theamountandthe
typeofdistortionoftheelevatorofa specificairplanewill,of
course,varywithspeed;andtherefore,thecurveof stickforce
plottedagainstspeedfora givensettingcfthetri.umingdevice
mayvarybetweenl.idtsdeterminedby thecharacteristicsofthe
controlsurfacewithmaximumfixedamountsofdistortion.The
incrementsof stickforce(ata givenspeed.)correspondingto a
constantamountofdistortionforeachofthecontoursconsidered
inthisinvestigationis=icative ofthemaximumchangein stick
forcefortheamountandtypeofdistortioriassumedandtherefore
maybeusedas a basisforcomparingtheeffectsofthevarious
kindsof distortion.Thesestick-fcwceincrementswouldnot have
tobe suppliedbythepilotofanairplanequippedwitha tr-ng
device,buttheyare roughly proportionaltathedeflectionofthe
trimmingdevicethatisrequiredtooffsettheeffectsofsurface-
coveringdistortion,Thefollowingequatdcn,whichisbasedon
linearslopes,wasusedinmakingthecalculations:
AF=
.
-1
J
.
i
-I
.
.
(3)
inwhfch“(?L)(ZW isthelift-curveslopeoftheaXrplaneWingj all
otherparametersare forthehorizontaltail.Equation(3)accounts
fOrtheeffectsofelevatordistortionon Cha) Chb, ~h ofthe
plainelevator,
‘R) and ACL butne@ectstheverysmalleffects
ofdistortionon PRG~ pR5> CLa, and ~b. Allcalculationsfor
thedistortedcGntoursweremadefortheconditionofmaximumdis-
tortionsofonepercentoftheelevatorchord.Thevaluesofthe
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incremental distortion pare.metersgiven in table KU therefore
representhetotali?ercdynamiceffectsof theamountofdietor-
ticnassumed.ThesectionParametersgivenIntableIIIweregon-
verted. to finite-spanparametersforuseinequation(~)bymeane
cf theaspect-ratio-correctionformulasgiveninreference6.
Calculationsweremadeforplainsealedelevatorsandforsealed
internallybalancedelevatorshavinga balmce-ehm?dratio~ 4= 0. o*
~f
.-
A calibratedairspeedof 300milesperhourwasas8umed.
Theresultsafthecalculationsarepresen+minfigure26.
Stick-forceticrementsfor S~=O werecalculatedfromtheesti-
Ce
matedincrementaldistortionparametersgiveninteble111. Fcr
theaSSUm6dconditionstheeffectsofsJmnnetricaldistortionare
veryemallwhencomparedwiththGeffectsof’camberdistortion.
Variations in the constants of Kneassumedairplane wouldaffect ‘“-
the ralativeimportanceofthetwokindsofdistortion,butfor
almostanyairplaneconfiguratima givenamountafcamber-disten-
tioncanbe expectsd.tobemuchmm-eim@rtmt thanthesameamount““
of symmetricaldistortion.Figure26showsthattheeffectsof
SymMelZiCaldistortionarelargely61iEinstsdby~intainingthe
undi6tcmtedcontourovertherear20 persentofthoelevatorchord..
I!henthedlstozztioninvolvesa changein camber,approximately
75 Percentoftheeffectsof distorticmareeliminatedbymaintaining
theundistortedcontourover the rear 20 percGnt of the olevabor
chord and approximately 83-percentoftheeffectsofdistortion
areeliminatedbymaintainingtheumdistortadcontouroverthe
rear30percentoftheelevatorchord.Althoughi+esepercentage
Vf3he8 were obtainedfromcalc~tionsofihe~ff~ctsof di~torti~
on stickforcesinlevelflight,approximatelythesamepmcentag~
valueswouldbe eXpeC%Gdtoapplyto theeffectsofdistortionon
thestickforcesinaccelerated.meneuvcrs.
Figun 26showsthat,exceptfortheelevatorhavingmaximum
camberdistortion(contourBC),theeffectsofdistortionaro
approximatelythesame~itherfortheplainelevatora forthe
Cb
elevatorwithan internal-balance-chordratio — = O.kO. For
cG
contourBC thseffectsofdistortionweregreaterforthebalanced
elevatorthanfortheplainelevator.As pointedoutpreviously, .
. thebalancemighthaveh&da considerablymoreadverseffecthad
thedistortionoccurredverycloseto theelevatorhinfleline,
ratherthaneta distance0.067c9b~hind.thehingeline.
x
18 NACATNHO.u96 .
Althoughtheanalysf.spresentedhereinhasbeenmadespecifi-
callyforanelevatorcontrol,theconclusionsconcerningthereduc-
tionsindistortioneffectsthataremadepossiblebymaintaining
theundistortedcontourovera partof thecmtrol-eurfacehord
arebelievedtoayplytorudderandaileroncontrols,aswell.
CONCLUS1ONS
l?he~resentinvestigationofamod.ifiedNACA691-012airfoil
havinga 30-yercentairfoil-chordflaywithcontoursimulating
variousdistortedsurface-coveringshapeeindicatesthefollowing
conclusions:
1.Theeffectsof surface-covoriznfldistortion liftchar-
acteristicsgeneyallyaresmallwhm compareditiththeeffectsof
surface-coveringdistortiononhinge-mcmentcharacteristics,
2. Approxaqtely 75percent of theeff’ectsofdistortionon
stickforcescanbe eltminwtedbymaintainingtheundistortedflap
contourovertherear20 percentof theflapchord.
3. l%enthe flap hasbeenthickenedbydistortion,openin~
theCapat th~flapnoseorplacingtremsitionstripsneartheair-
foilleadingedgegenerallycausesthsvariat~onsofilinge-mment
coefficientwitheng3.eof attackandwithflapdeflectiontobecome
lessnegative.Openingthegapgenerally hastheoppositeffect
ifdistortionconsistsofa decreaseinflapthiclmess.
k.VariationsinMachnumberfromO.20to0.40haveonlysmall
effectson the hinge-momentcharacteristicsof theundistortedflap
or thd distortedflapshavingtheundistortedcontourmaintained
overtherear20percentof theflapchord.
Lan@eyMemorialAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics
.
.
.
LangleyField,Vs.,February11,19~L7
I-9
REFERENCES
1.Mathews,CharlesW.: AnAnalyticalInvestigaticmoftheEffects
ofElevator-FabricD stortionon theLongitudinalStability
andControlofanAirplane.NACAACRNO.L4E30,1944.
2.Allen,H. Julien,and.Vincentf,WalterG.: WallInterferencein
a Two-Dimensional-FlowWindTunnelwtthConsiderationfthe
EffectofCompressibility.I?ACAARRNo.4K03,1944.
3. Fischel,Jack:HingeMomentsofSealed-Internal-BalanceArrange-
mentsforControlSurfaces,II -ExperimentalInvestigation
ofFabricSealsinthePresenceofa Thin-ThteOverhang.
NACAARRNo.L5F30a,1945.
k.Perring,W. G.A.: TheTheoreticalRelationshipsforanAerofoil
witha MultiplyHingedFlapSystem.R.& M. No.1171,British
A.R.c.,1928.
5.Hoggard,H. Page,Jr.,andBullock,MarjcrieE.: Wind-Tunnel
InvestigationfControl-SurfaceCharacteristics.XVI-
PressureDistributionveranNACA0003Airfoilwith
0.30-Airfoil-ChordBeveled-Traillng-EdgeFlaps.NACAARR
No.L41X)3,1944.
6. Swmscn,RobertS.,andCrandall,StewartM.: Lifting-Surface-
TheoryAspect-RatioC rrectionsto theLiftandHinge-Moment
ParametersforFull-SpanElevatorsonHorizontalTaZlSurfaces.
NACATNNo, 1175,1947.
. ..—
NACATNNO. 1296 20
TABLE1.-URDINA!l%SFORl#lDIFIEDNACA651-012fKEtl?OIL
[ 1Stationsandordinatesinpercentofairfoilchord
Station Ordinate
o 0
l.= 1.39
2.50 1*88
2.60
% 3.17
10.00 3.65
15.00 4*4O
20.00 4.97
25.00 5.40
30.oi) 5.72
40.00 6.w
50.00 5.76
60.00 4.94
70.00 3.74
75.00 3.14
&).m 2.53
@*oo I.gz?
90.00 1.31
9!5.00 0.72
100.00 0.10
Leading-edgeradius:1.000percentc
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NACA65,-012airfoil;transitionstripsatO.02c;gapsealed;
.
M, 0.34; ; = OO.0
.
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Figure15.- Effectof ftiedtrailing-edgechordonthevariationof 1
resultantbalance-pressurecoefficientwithangleof attack. .
ModifiedNACA651-012airfoil;transitionstripsat0.02c;gapJ-.
sealed;M,0.34; Gf= 0°,
.
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Figure16.- Effectof fixedtrailing-edgechordontheresultant
balance-pressureparametersof flapshavingdistortedcontour
Parametersmeasuredat a. = O“O;bf = OO;transitionstrips
at0.02c;gapsealed;M,0.34.
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.Fig. 17 ,. NACATN No. 1296
I
.8
.4
0
74
-.8
L2
.8
,4
0
74
-.8
-20 +6 7!2 -8 -4 0 4 8 /2 /6 2’0
F7ffpdef/eclw7, df, tieg
Figure17.- Effectof fixedtrailing-edgechordonthevariationof
airfoilsectimlift coefficientwithflapdeflection. Modified
NACA651-012airfoil;tr.msitionstripsat0.02c;gapsealed;
M,O.34;a. = OO.
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Fimre 18.- Effectof fixedtrailing-edgechordonthevariationof
- airfoilsectionlift coefficientwith&gle of attack. Modified
NACA651-012airfoil;transitionstripsat0.02c;gapsealed;
M,0.34; bf = OO.
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Figure19.- Effectof fixedtrailing-edgechordontheliftparameters
of flapshavingdistortedcontours. Parametersmeasuredat
a. = 00, &f= OO;transitionstripsat0.02c;gapsealed;M,0.34.
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Figure20.- Effectof Machnumberonthevariationof flapsection
hinge-momentcoefficientwithflapdeflection. Modified -.
C(JNACA651-012airfoil; — = 0.20 (exceptfor contourFF);Cf
transitionstripsat0.’O2c;gapsealed;u. = OO.
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Figure20.- Concluded.
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Figure21.- Effectof Machnumberonthevariationof flapsection
hinge-momentcoefficientwithangleof attack. Modified
c
NACA651-012airfoil; A = 0.2 (exceptfor contourFF);Cf
transitionstripsatO.02c;gapsealed;6f = OO.
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Figure22.- Effectof transitionstripsonthevariationof flapsection 4
hinge-momentcoefficientwithflapdeflection. Modified
-.
NACA651-012airfoil; 2
b.
= 0.2 (exceptfor contourFF); gapc+
sealed;M,0.34; a = OO’.0
NACATN No. 1296 , Fig. 22cone.
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Figure22:- Concluded.
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Figure23.- Effectof transitionstripsonthevariationof flapsection
hinge-momentcoefficientwithangleof attack. Modified
NACA651-012airfoil; ~ = 0,2 (exceptfor contourFF);gapCf
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—
sealed;M,0.34; ~f = OO.
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Figure24.- Effectof gaponthevariationof flapsectionhinge-moment
coefficientwithflapdeflection. ModifiedNACA651-012airfofi;
c~ = O2 (exceptfor contourFF); transitionstripsat0.02c;
Cf “
M, 0.34; a. = OO.
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Figure25.- Effectof gaponthevariationof flapsectionhinge-moment
coefficientwithangleof attack. ModifiedNACA651-012airfoil;
c~
—
—= 0.2 (exceptfor contourFF); transitionstripsat0.02c;
Cf
M,0.34; ~ = OO.f
0 ,o#.a9J2f6 2,0.2426 o .0$ .@ ./2 J6 20 24 .26,
RotIo of fi~ed tm@p@ chord to cfcvotor chord, c4/ce
Figure 26.-Effwtoftheratioffixedtrailing-edgechordtoelevatorchordontheincremental
stfckforce,resultingfromelevatordistortion,requiredtotrimtheassumedairplaneata
calibratedairspeedof320milesperhour.Maximum distortionofeachcontourequalto
1percentofelevatorchord.
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